This study aims to produce a model for the prediction and estimation of unmeasured terrestrial gamma dose rate (TGDR) using statistical analysis based on geological formation and soil type. The measurements of TGDR were conducted in the Pahang state Malaysia, with a total of 640 measured points that covers all geological formations and soil types in the state. The measurements were taken 1 m above the soil surface using Ludlum 19 gamma ray (μR) meter. The measured gamma dose rates ranged from 26 nGy h-1 to 750 nGy h -1 with a mean value of 176 nGy h -1 . The data have been normalized to fit a normal distribution. Significance testing was conducted among all geological formations and soil types, using one way analysis of variance (ANOVA). The results indicated strong significant differences due to the different geological formations and soil types present in the State. Pearson Correlation was used to measure the relations between gamma dose rate based on geological formation and soil type (GD,SD) with the gamma dose rate based on geological formation (GD) or gamma dose rate base on soil type (SD). A very good correlation (88.3%) was found between GD,SD and GD or GD,SD and SD. A total of 85 pairs of geological formations and soil types were used to derive the statistical contribution of geological formations and soil types to gamma dose rates. The percentage contribution of the gamma dose rate from geological formation and soil type were found to be 0.580 and 0.311, respectively. The null hypotheses were accepted for 88% of examined data, therefore, the model could be used to predict gamma dose rates based on geological formation and soil type information.
Introduction
Various measurements were made on terrestrial gamma radiation (TGR) measurements in different parts of the world, all in the view to determine the values for TGR in the environment and the corresponding heath implications to the populace.
Most of the radioactivity in the terrestrial environment, whether it is natural or man-made, binds to the components of the soil [1] . Therefore, all exposures that originate from soil are potentially important for the purpose of radiation risk assessment. Higher radioactivity in soil samples may be linked to the contribution of the parent materials that constitute the soil type [2] . For instance, soil derived from granite rocks which originates from acid intrusive geological formation will have a higher radioactivity than the soil from the Terrestrial gamma dose rate (TGDR) was measured 1 m above the soil from various locations. The measurement points were chosen based on the geological formation ( Fig. 1 ) and soil types (Table 1. ) of the area. The TGDR measurements were taken using a gamma-ray detector at each point, recorded with a Global Positioning System Receiver Garmin (GPSmap 76) from the location of the latitude and longitude of each surveying point. The average value was recorded from four measurements around each point. The detector used was model 19, micro Roentgen (μR) meter, manufactured by Ludlum, USA. It uses sodium iodide (NaI) crystal doped with thallium (Tl) as an activator. The approximate linear energy of the detector falls between 0.80 MeV and 1.2 MeV, this ranges covers the majority of significant gamma-ray emissions from terrestrial sources. The detection of gamma-rays from cosmic rays is negligible due to the detector's low response to high-energy Gamma radiation [1] and [12] . (10) and (14) have both outliers (o) and extreme outliers (*) with values greater than 1.5 times and 3 times the interquatile range (length of the box) respectively. Acid intrusive formation (39) has the highest mean value and quaternary (3) geological formation has the lowest mean value of dose rate. 
Results and Discussion

Statistical Prediction
Statistical prediction model is important in other to predict terrestrial gamma dose rate with a minimum International Journal of Applied Physics and Mathematics field work. In this study the prediction was carried out base on the geological formations and soil types in the area. Multi regression analysis was performed on the measured TGDR values for the geology and soil where a linear regression equation was obtained. The result of multi-regression analysis for the prediction of terrestrial gamma radiation dose rate (TGDR) based on geological formations and soil types are given in Tables 2, 3 Table 2 the prediction model summary the value of the correlation coefficient "R" is seen to be 0.883 (88.3%) which shows that a good correlation exits between the dependent variable (TGDR) and the two independent variables (TGDR base on geological formations and soil types). Higher value of "R" indicates that the predicted values are more closely correlated to the dependent variable (i.e., the greater the value of R, the better the independent variables are at predicting the dependent variable). A value of 0.883, in this case, indicates a good level of prediction. The adjusted R square value of 0.778 indicates that the independent variables (soil and geology) explain 77.8% of the variability of our dependent variable (TGDR).
where is TGDR on g TGDR on The predicted mean TGDR for Pahang state is found to be 157 nGy h -1 . This value compares well with the measured mean TGDR, which is 176 nGy h -1 , it is about 11% lower than the measured mean TGDR. This level of error is acceptable for environmental radiological protection purposes [14] . The highest TGDR predicted is 296 nGy h -1 and the highest measured TGDR due to geology and soil combination is 631 nGy
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Volume 6, Number 3, July 2016 Table 3 the ANOVA results for the model shows that the independent variables statistically significantly predict the dependent variable with F (2, 638) = 1124, Sig.(P) < 0.001 that satisfied the null hypothesis (i.e., the regression model is a good fit of the data). Table 4 the coefficient of the model shows the standardized coefficient (Beta) which gives the coefficient for the linear regression equation for the model. The general linear equation model for the prediction of TGDR base on geological formation and soil types is therefore given as; h -1 . All are coming from acid intrusive geological formation (39). The lowest predicted TGDR is 87nGy h -1 while the lowest measured mean dose rate due to geology and soil is 83 nGy h -1 , all coming from quaternary geological formation and from the soil type (1) HumicPodzols-Dytstric Fluvisols. All values compares well to each other. Table 5 shows, eighty five combinations of soil types and geological formations in Pahang state with the results of the hypothesis testing for the prediction model obtained. 
Accepted
From the table it is seen that only seven (8) out of the eighty five (85) combinations of geological formations and soil types (about 9%) were rejected by the hypothesis that the prediction model fits. This is a clear indication of the acceptability of the model.
Conclusion
This study provides the TGDR measurement results for Pahang state Malaysia which were applied to develop a model for statistical prediction of gamma dose rates based on geological formations and soil types. The model was given by the equation TGDR = 0.580(GD) + 0.311(SD). The method could be used to predict gamma dose rates in areas with difficult access. Also, it may be used to predict gamma dose rate wherever similar geological formation and soil types exist. The measured and the predicted mean TGDR for Pahang state were found to be 176 nGy h -1 and 157 nGy h -1 respectively.
